age, total number of prescriptions and drug class, only antiinfectives (antibacterials) and musculoskeletal system (antiinflammatory) drugs stand out as causing more ADRs in women. Conclusion: Antibacterials and anti-inflammatory agents cause more ADRs in females as compared to males.
So far, there is no epidemiological study that identifies groups with gender-specific medication risks. One problem is the recruitment of a study population that is large enough to be analyzed for ADRs. It is also difficult to identify confounding factors such as age, amount of prescriptions and class of drugs.
In this study we attempted drug risk stratification by gender after adjustment to age, amount of prescriptions and class of drugs on the basis of intensive prospective multicenter drug surveillance.
Methods

Design of the Study
Over a 2-year period, a prospective multicenter study, based on intensive pharmacovigilance, was conducted in several departments (pediatrics, medicine and geriatrics) at the Friedrich Alexander University of Erlangen-Nuremberg, the Hadassah University of Jerusalem, the General Hospital Waldkrankenhaus St. Marien of Erlangen and the University Hospital of Regensburg including a total of 2,371 hospitalized patients. All admissions were monitored prospectively for the occurrence of ADRs by a pharmacoepidemiological team (PETE) consisting of physicians, pharmacologists and pharmacists. Patient charts were screened and bedside visits took place on a daily basis for detection and evaluation of potential ADRs. If there was disagreement about the definition of a particular event as an ADR, a fourth physician, pharmacist or pharmacologist, was involved and the event discussed until a consensus was reached. All ADRs were classified with respect to probability, severity and preventability; causative drugs and therapeutic consequences were identified and all information was entered into a specifically developed database named KLASSE [13] .
Patient Characteristics. Patients were evaluated based on their demographic data (age and gender), number and class of drugs prescribed. [14] . All drugs prescribed between admission and discharge were documented in KLASSE and classified by the Anatomical Therapeutic Chemical Classification System for Human Medicine (ATC) [14] . This system classifies drugs into groups at 5 different levels: the first level is the anatomical group and consists of 1 letter. There are 14 main groups, which are shown in table 1 . The second level of the code is based on the therapeutic main group and consists of 2 digits. Agents that are not included in the ATC system are summarized in category V (various). For statistical analysis, the first and second levels of the ATC code were used ( table 1 ) .
Documentation and Classification of Drugs according to ATC
Definitions and Characteristics of ADRs
ADRs were defined according to the adverse reaction terminology of the WHO [15] . Additionally, all ADRs were categorized into 6 different reactions:
Type A. Dose-related reactions, which are common, and related to the augmented pharmacological action of the drug. Examples are toxic effects or side effects.
Type B. Non-dose-related reactions are uncommon and not related to a typical pharmacological action of the suspected drug. Examples are immunological or idiosyncratic reactions.
Type C. Dose-and time-related reactions are uncommon effects related to the cumulative dose of a drug such as hypothalamic pituitary adrenal axis suppression of corticosteroids.
Type D. Time-related reactions are delayed reactions that occur some time after the use of the drug such as teratogenesis or tardive dyskinesia.
Type E. Withdrawal symptoms become apparent after the early withdrawal of a drug, for example lung edema after stopping diuretics or opiate withdrawal syndrome.
Type F. Unexpected failure of therapy is mainly due to inadequate dosage of drugs or the prescription of dangerously interacting drugs.
The probability of ADRs was evaluated by PETE using the Naranjo Score Algorithm. Doubtful ADRs were excluded from statistical consideration [16] . Severity was assessed by applying a weighted score of the following indicators of drug-induced harm: whether ADRs impaired the patient's quality of life, caused temporary or permanent inability to work, led to or prolonged hospitalization, caused temporary or permanent malfunction of an organ system, were dangerous, life-threatening or fatal. An additional criterion was that if withdrawal of the drug or introduction of a different drug therapy was necessary. A score of 1-4 indicates a mild ADR, 5-8 a moderate and 1 8 a severe ADR [17] . Mild, moderate and severe ADRs were included in our consideration.
Some patients had several ADRs simultaneously or successively, hence the total number of ADRs in our analysis is greater than the total number of patients having a reaction. If more than one drug was considered to be responsible for causing an ADR, the most probable drug was used for analysis and statistics.
Statistical Analysis
Data were first analyzed using descriptive statistical methods. Depending on the scale applied, the (variable) mean together with the corresponding standard deviation (SD) or the median with the range (Q25/Q75) was given. We used the t test or the MannWhitney-Wilcoxon's U test to compare the distribution of continuously distributed variables, and the 2 test for categorical variables.
The rate of prescription of the anatomical group (ATC) according to gender was adjusted to the total amount of prescriptions and the age of patients. The occurrence of ADRs was adjusted to the amount of prescriptions, age and anatomical group (ATC).
We employed the SAS system version 9 (SAS Institute, Inc., Cary, N.C., USA). The study was conducted after getting permission from the ethics commission and was supported by the ELANFoundation of the University Hospital Erlangen.
Results
Patient Characteristics
Altogether, a total of 2,371 patients were included in the study. The number of females was 1,012 (42.7%). Mean age of the study population was 55.3 8 (SD) 26.7 years (range 41-76). Males were significantly younger than females (p ! 0.001) with a mean age of 52.8 8 (SD) 25.1 years (range 39-71) and 58.6 8 (SD) 28.4 years (range 44-80), respectively.
Prescriptions
A total of 25,532 drugs were prescribed for the study population during hospitalization (11.4 8 10.2). The median number of drugs prescribed for each patient was 9 (5/15). The median number of drugs prescribed for females was 11 (6/16) and 9 for males (5/14, p ! 0.0001).
In total, most prescriptions were issued for medications belonging to the following ATC classes: A (n = 1,978), N (n = 1,723), B (n = 1,464) and C (n = 1,435).
Groups A (n = 863), B (n = 693), C (n = 666), D (n = 39), H (n = 370), M (n = 349), N (n = 763) and S (n = 49) showed significantly more prescriptions in female patients.
Due to the existing variations of age in the study population, data were adjusted according to age and number of prescriptions for each anatomical group (ATC). It turned out that women received significantly more prescriptions of drugs from groups B (OR 0.75; p = 0.008), H (OR 0.49; p ! 0.0001) and M (OR 0.62; p ! 0.0001). For men, group J prevailed (OR 1.26; p = 0.0115). Table 2 shows an overview of gender-specific prescriptions on the basis of the first level of the ATC code (anatomical group).
Adverse Drug Reactions
In 774 (32.6%) out of 2,371 patients, at least 1 ADR was found by the team. Altogether 1,773 ADRs were observed. 413 females (40.8%) and 361 males (26.6%) encountered at least 1 ADR, altogether 986 and 787 ADRs were documented, respectively.
Using the Naranjo score, ADRs were termed possible in 40.7% (female) and 36.8% (male), probable in 54.2 and 59.7%, respectively, and very probable in 5.1 and 3.6%, respectively. The degree of severity was mild in 56.2% (female) and 57.5% (male), moderate in 42.0 and 39.8%, respectively, and severe in 1.8 and 2.7%, respectively. Table 3 shows the gender-specific distribution of ADRinducing prescriptions grouped according to the first level of the ATC code (anatomical groups).
Prescriptions associated with the highest rate of ADRs in our study population were from anatomical groups (ATC) C (n = 269), N (n = 184), J (n = 143) and A (n = 129).
For females, most ADRs were induced by prescriptions from groups C (n = 143), N (n = 101), A (n = 77) and M (n = 44). For males, groups C (n = 126), N (n = 83), J (n = 74) and A (n = 52) led to most ADRs.
Medications from ATC groups A (OR 0.5; p = 0.0002), C (OR 0.72; p = 0.0140), M (OR 0.31; p = 0.0004) and N (OR 0.62; p = 0.0023) were significantly more often associated with ADRs in women. In order to minimize potential confounding factors, adjustment according to age, total number of prescriptions and ATC class (first and second level) was carried out. This resulted in a differentiated picture, i.e. only prescriptions from classes J and M showed a significantly higher risk of inducing ADRs. In our population, the therapeutic main groups within the above-mentioned anatomical groups (ATC) were antibacterials (J; n = 1,003) and anti-inflammatory Number of prescriptions of a certain main drug class, gender-based distribution, crude and adjusted to total amount of prescribed drugs and age of subjects The percentage given refers to the overall number of the relevant gender. Occurrence of ADR within gender, adjusted to total amount of prescribed drugs, age of subjects and type of drug class For males, no ATC group was significantly prominent as being associated with distinct ADR agents.
Discussion
There has been much debate about the higher ADR risk in females and the higher amount of drug prescriptions in contrast to male patients [11] . However, little is known about gender differences in prescribing different drug classes and their risk of causing ADRs. The aim of this study was to evaluate the diversity of drug prescriptions in male and female patients and to identify genderspecific high-risk drug classes, based on ATC-anatomical first and second levels.
Most authors suggest that females receive more prescriptions because of their higher average age and that they are thus more exposed to polypharmacy. Indeed when adjusted for potential confounding factors like age and the total amount of drugs prescribed, only 4 out of 14 ATC-anatomical groups showed significant gender differences. Three drug classes predominantly affect females, i.e. medications related to blood and blood-forming organs (B), systemic hormonal preparations excluding sex hormones and insulins (H), and the musculoskeletal system (M). They were all significantly more often prescribed in females. In contrast, anti-infectives for systemic use (J) were most often prescribed in males.
With regard to ADRs, in 4 out of 14 ATC anatomical classes, ADRs were more often seen in women. The risk of ADRs was higher in women for drugs of the alimentary tract and metabolism (A), cardiovascular system (C), musculoskeletal system (M) and nervous system (N).
Some investigators demonstrated higher ADR risks for females in psychotropics (N) [18] and antidepressants (N) [19] . In contrast, Rabkin et al. [20] could not find gender-related differences for antidepressants (N). Likewise, we could find a higher ADR risk for females in unadjusted results for prescriptions for the nervous system (N). However, after adjustment no influence remained. In line with other authors [7] , a higher ADR risk was identified in women for drugs of the cardiovascular system (C) and alimentary tract and metabolism (A) [12] . However, adjusted for potential confounding factors, no impact was verifiable any more.
Adjusting the analysis for age, for the total amount of drugs prescribed and for each drug class applied (first and second ATC level), a higher ADR risk was still evident for anti-infective (J) and musculoskeletal system (M) prescriptions. In our population, the therapeutic main groups within the above-mentioned drug classes were antibacterials (J) and anti-inflammatory (M) drugs. Our analysis could not identify any anatomical group (ATC) as a risk group for inducing ADRs particularly in males.
In our opinion there are 2 possibilities for these phenomena. The first is that there is really no influence; the second is that the ATC anatomical level summarizes different therapeutic groups which, in terms of their individual active ingredients from a pharmacological point of view, can be so heterogeneous that clear effects of individual active ingredients were statistically lost in the 'interplay of the overall group'.
Due to the small number of patients with regard to therapeutic groups, we were not able to statistically verify these concepts. A larger population would be needed to analyze and confirm these outcomes.
Nevertheless, an analysis based on anatomical main groups (ATC) enables to better focus on particular risk classes for women. Thus, we were able to identify antibiotics from group J as most commonly prescribed, mainly penicillins (J01) and quinolones (J01). Anti-inflammatory drugs dominated in group M, mainly diclofenac (M01) and ibuprofen (M01).
A higher ADR risk in females for anti-infectives (J) has already been suggested in the literature [21] . Interestingly, we could not detect any influence in the risk of antiinfectives (J) for causing ADRs until we adjusted for age, amount of prescriptions and type of drug class.
An increase in ADRs occurring in females due to musculoskeletal system (M) prescriptions was described by Neutel et al. [22] and Figueras et al. [23] (nonsteroidal anti-inflammatory drugs). In this study the risk of developing severe gastrointestinal events increased with the number of NSAID prescriptions and was considerably greater for females than for males. In a stratified analysis by age and gender, it was clear that gender was the greater influence [19] . Interpretation of these results is difficult. In recent years it has become clear that gender differences exist both in pharmacokinetics and pharmacodynamics. Differences in metabolizing enzymes, body composition (body fat and body water content), renal clearance capacity and hormonal differences are considered as responsible factors [24] .
The most widely prescribed drugs for the musculoskeletal system, ibuprofen and diclofenac, are metabolized by CYP2C9. No differences exist in the activity of the enzyme between genders [24] . However, in a placebo-controlled, double-blind crossover study of experimental pain, the same dosage of ibuprofen yielded a twofold greater volume of distribution when body weight was taken into consideration. This could explain the more frequent occurrence of ADRs in females [25] .
The most often prescribed drug from the anti-infective group, penicillin, has already been described for increased ADR risk. Possibly the decreased activity of the underlying metabolizer P-glycoprotein in females could be responsible for this [24] .
The pharmacokinetics of fluoroquinolones like orally administered ciprofloxacin also showed gender-specific variations resulting in a 30% higher maximum concentration in females and a significantly slower oral clearance compared to males [26] .
The Food and Drug Administration reviewed 300 new drug applications. Only 163 included a sex analysis. Eleven drugs showed a difference in pharmacokinetics exceeding 40% between males and females [27] .
However, if simply dosing females based on their different pharmacokinetics decreases the incidence of ADR remains unclear. To heighten drug safety for females, the complex interaction between pharmacokinetics, pharmacodynamics and pharmacogenetics needs much more research.
To our knowledge our study is the first epidemiological analysis integrating potential confounding factors such as age and number of prescriptions in a multiple logistic regression model to prove differences in ADRs induced by different drug classes with particular respect to male and female gender.
Conclusion
The results confirm that antibacterials and anti-inflammatory agents are associated with significantly more ADRs in females than in males. Further investigations should focus on these drug classes to identify high-risk therapeutic agents and to understand the potential gender-based mechanism causing these effects.
